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ABSTRACT 


This thesis presents an event step simulation model of the 
Naval Postgraduate school Exchange Service Station gasoline 
pumping operation. The model has been developed as a management 
tool and aid to decision making. The environment in which the 
system operates is discussed and the significant variables 
which can and cannot be controlled by management are identi- 
fiede Data includes information pertaining to arrival rates, 
service times and ratios of vehicles requiring different 
gasoline grades. The data are analyzed through parametric 
and nonparametric statistical techniques to develop the appro- 
priate distributions to be used for random sampling during 
Simulation. The assumptions made during model development 
are thoroughly discussed. Conclusions and recommendations 
concerning the model and its use are made based on the assump- 


tions and the data, and statistical analysis thereof. 
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LT. INTRODUCTION 


A major objective of the Naval Postgraduate School ZXxchange 
Service Station is to provide efficient service for the vehicles 
which come for refueling. The primary measure of effectiveness 
which can be used to measure the efficiency of the gasoline 
pumping operations is the amount of time after arrival a 
patron can expect to wait before the servicing of his vehicle 
begins. There are many factors which interact to influence 
this waiting time. The number of pumps available, the con- 
figuration of the service islands, the type of service being 
provided (full, mini, self, etc.), the arrival rate of vehicles, 
the service time required for each vehicle and the demand for 
different gasoline grades are some of the significant factors. 
This is a dynamic system with all variables subject to change 
over time. Little or no control can be exercised over some 
of the variables such as arrival rates; while others are 
primarily controlled by managerial decision making, for 
example the number of pumps available and the grades of 
gasoline dispensed from each. 

Another gasoline service island will be added at the 
Exchange Service Station in the near future. The decisions 
on the installation of the new island and piving modifica- 
tions for rearrangement of the gasoline grades to be dispensed 


at the different pumps have been made. These decisions were 





based on sound managerial judgement and limited, but good, 
analysis of a few variables. Limited time was available to 

do a detailed analysis of all the significant factors as a 
narrow time constraint existed for completing the contract 

and advertising for bids. Although this study was not under- 
taken to second guess the decisions that were firm, use of the 
current and proposed systems in testing the model demonstrate 
that the decisions made are sound. 

The reason for this study is to make available to the 
Exchange Officer and the Service Station Manager an event 
step Simulation model of the gasoline pumping overations 
which can be utilized as a sophisticated management tool and 
aid to decision making. With construction of the new island 
and modification to the piping system, flexibility in the 
dispensing of different grades at various pumps will be 
expanded. As the uncontrollable variables in the environment 
change, the simulation model developed in this study will 
provide management with an easy to use tool for analyzing the 
many viable options available. 

The model that has been developed is quite general in 
nature and not limited to application at the Naval Postgraduate 
School Exchange Service Station. Factors such as the number 
of lanes, number of pumps available in each service lane, 
arrival rates and service time parameters are all variables 


which can be changed at will to explore varigus options and 
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changes in the operating environment. The model has been 
written in such a manner to easily facilitate future modifica- 
imeens tor exploring conditions or options not currently being 
considered. 

Chapter II describes the gasoline pumping operations of 
the Exchange Service Station as it currently exists and as 
mets anticipated to Operate after construction of the new 
island and piping modifications. This allows insight into 
the service arrangement options vresently available and those 
that will be available. An understanding of the physical 
layout is important to the visualization and understanding of 
any model, 

Data collection and analysis are discussed in Chapter 
III. The three sections of this chapter develop the inter- 
arrival time, the service time and the fuel tyve distributions 
used in modelling the exchange Service Station. The important 
aspect of the chapter is the manner in which the data is 
collected, reduced and analyzed in order to input variables 
into the model which will provide a realistic representa- 
tion of the particular system being examined. 

Chapter IV is a discussion of the assumptions which have 
been made in developing the model.e Knowledge of the underlying 
assumptions is essential for understanding the consequent 


uses and limitations of the model. 
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Chapter V provides the running instructions for the 
program. This includes a detailed discussion of each input 
variable and how it is used and a discussion of the output 
resuits for a test run. 

Conclusions and recommendations concerning model application 
are provided in Chapter VI. The discussion focuses on the 
variables which can be input into the model and the measure- 
ments vrovided by the simulation. 

The appendices fully document the event step computer 
Simulation program which has been written in SIMSCRIPT II.5. 
Appendix Ais a definition of the variables used in the program; 
Appendix Bis a detailed verbal description of the model; 
Appendix C contains flowcharts of the model; Appendix Dis 
sample output; and, Appendix & is the program listing. The 
verbal flow and flowcharts are keyed by line number to the 


program listing for easy reference. 


ta 





It. SYSTEM ENVIRONMENT 


The Navy Exchange Service Station is located along the 
northern perimeter of the Naval Postgraduate School between 
Del Monte Lake and the Exchange Outdoor/Garden store. There 
are two entrances to the station. The main entrance is from 
Lake Drive, opposite the Main Exchange parking lot, and is 
for the customers desiring service other than refueling 
(see Figure 1). This serves as the avenue of departure for 
all customers. The second entrance is for the customers 
desiring to use the gasoline pumps. This entrance 1s the one- 
way street running east from the Del Monte Gate and paralleling 
the northern perimeter fence. The gasoline traffic turns 
south from this street, near the northwest corner of Del 
Monte Lake, into the queuing area for all the gasoline service 
lanes. This street also serves as an extension of the queuing 
area when the length of the queues dictates. 

The gasoline pumping operation hours differ slightly from 
the remainder of the station in that the pumps are nonopera- 
tional during part of the normal operating day. The entire 
Station is closed on Sunday and Monday. From Tuesday through 
Friday, the pumps are open for an hour each morning, 07340 - 
06830, for the convenience of those personnel desiring to 
Service their vehicles on the way to work, and then from 1030 
until 1700 hours. On Saturday the pumps are open from 0900 


matt. 1700 hours. 
le 





The pumps are closed early whenever the daily allocation 
of gasoline has been sold. The daily allocation is the total 
combined quantity in gallons of all grades of gasoline sold 
and is determined by the monthly allocation being divided by 
the number of operating days in the month. Therefore the 
daily allocation changes on a monthly basis but remains fixed 
during the month. The allocation factor is not considered in 
the model as it is not a variable affecting the efficiency 
with which vehicles are processed through the system. The 
allocation factor simply affects the number of vehicles which 
can be serviced each daye 

Currently, there are 3 gasoline service islands providing 
6 service lanes (see Figure 2). Zach lane is capable of 
servicing 2 vehicles simultaneously and 2 lanes each dispense 
unleaded, low lead and premium gasoline. The station currently 
meeovides "mini! service. Mini service differs from self 
service in that the station attendants provide auxillary 
services, such as cleaning windows and checking oil, in 
addition to handling the payment transaction. .The attendants 
also pump the gasoline for handicapped persons and anyone else 
who requests that assistance. The islands are not equipped 
with water and air hoses so those services are not provided. 


They are offered at a separate service area. 
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In the near future a fourth gasoline service island will 
be added. The new island will be adjacent to and to the 
south of the existing islands (see Figure 3). A major 
difference between the new island and the existing islands 
is that the new island will have 3 pumps instead of 2. Hov- 
ever, due to spacing limitations, the island will be no larger 
than the others and thus only 2 vehicles will be able to be 
serviced simultaneously. Extending the island forward (toward 
the garage) would interfere with the traffic pattern for 
exiting the station while extending the island rearward (toward 
the lake) interferes with the servicing of the underground 
storage tanks. Placing the new island at an angle to the 
existing islands, instead of parallel, does not solve the 
storage tank interference problem nor is adequate space 
available to install the island to the north of the existing 
islands. Therefore, size and placement of the island is 
dictated by physical constraints. 

An examination of Figures 2 and 3 show that modifications 
to the piping system are also being made which will not only 
change the current arrangement by gasoline grade, but add 
much flexibility, if desired, for future rearrangement. The 
2 northern most lanes (1 and 2), which are currently unleaded 
lanes, will become premium lanes. The possibility exists for 


them to be used as either unleaded or premium when considering 





BGs 


BXLOTING LANE CONFIGURATION 


1 Unleaded 
a 
2 Unleaded ! 
! (Queuing Area) 
43 Low Lead ! 
as are —+o- —h 

i . N 
| \ 
\ 
\ 
3 
} \ 





~~ 
—_— = @ wee Oe 
- 





Unleaded 





(Underground 
storage 
Tanks ) 





~---—-. Underground piping system 


We 





rIGURE SS 
FUTURE LANE CONFIGURATION 


1 Premium 


lh Low Lead 


| 
| 
| ; 
5 Unleaded | 
ae F 
6 Udleaded |: \ 
5 \ 
7 Unleaded 







Unleaded 








Low Lead 


\ (Underground 
\ otorage 
; Tanks) 
\ Premium 
\ 
\ = 
— 
\ ae 
Vere 


-~—---- Piping systems to be utilized 
en ee eemaaning Unutilized pipes 


% 


any rearrangement. The current middle lanes (3 and &) will 
remain low lead with the last pump having the capability of 
dispensing any of the three grades. The current southernmost 
lanes (5 and 6) will become unleaded lanes but will retain 

the capability of being easily converted back to premium. The 
two new lanes (7 and 8) will have a unique arrangement. The 
first and last vumps will dispense unleaded gasoline for each 
lane while the middle pump will dispense low lead gasoline to 
the southernmost lane (8) only. The middle pump will not be 
utilized at lane 7, in effect, making it a 2-vump lane. The 
reason for this is that lanes 1 through 7 will be self service 
(mini service), as currently provided, while full service will 
be provided at lane 8. In summary, there will be 3 unleaded, 
2 low lead and 2 premium 2-pump self service lanes and one 
4-pump full service lane dispensing unleaded and low lead 
gasoline. 

It is not considered practical to have a self service lane 
that dispenses more than one grade of gasoline. Vehicles 
requiring the grade dispensed at the latter pump will fre- 
quently prevent utilization of the forward pump to vehicles 
in the queue requiring the grade dispensed at the forward 
pump. Likewise, when the forward pump is busy and the next 
vehicle to be serviced requires the gasoline dispensed at 


the forward pump, other vehicles in the queue are prevented 
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Prom Using the idle latter pump. This type of blocking does 
not occur when all pumps of a lane dispense the same grade. 
Whenever the pumps become available to the vehicles in the 
queue, the first vehicle will go to the first pump allowing 
another vehicle to leave the queue for servicing at the 
latter pump. Stopping at the latter pump when the forward 
pump is open or waiting for the forward pump when the latter 


memopen does not occur in this situation. 
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III. DATA COLLECTION AND ANALYSIS 


As with most queuing systems, the operating characteristics 
of the gasoline pumping overations of the Naval Postgraduate 
School Exchange Service Station are largely determined by two 
Statistical properties, the probability distribution of inter- 
arrival times and the probability distribution of service times. 
Data collection, therefore, was aimed at obtaining sufficient 
information concerning those actual distributions in order to 
develop a model that will provide reasonable predictions about 
the system operation as various parameters are changed. With 
the primary measure of effectiveness being to minimize the 
time that a customer must wait after arrival until service 
begins on his vehicle, the goal for interarrival times was 
to collect data during peak periods so that the system could 
be examined under stress conditions. Service times were 
assumed to be independent of the arrival rates and therefore 
it was not considered essential to collect service time data 
only during peak periods. Additionally, this assumption of 
independence justified the separate collection of the inter- 
arrival time data and the service time data. The number of 
vehicles purchasing each gasoline type was also sampled. 

This sample was used to test the hypothesis that the percentage 
of gasoline (gallonage) sold by tyve is equal to the percentage 


of vehicles purchasing a given type of gasoline. 
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Interviews with Commander Neale W. =vans, NPS Exchange 
Metaicer, and Mr. Don losty, Service Station Manager, revealed 
that Saturdays, when the odd-even plan is not observed, is 
probably the most active day for the gasoline pumping opera- 
tionse Tuesdays, with the service station having been closed 
the previous two days, and Fridays, with vehicles apvarently 
being prevared for weekend activities, were also cited as 
Meeniy active days. The first half hour, from 0730 to 0800 
hours, and the noon period were identified as the busiest 
time periods during the day. CDR Evans and Mr. Ilosty indi- 
cated that neither had observed any noticeable increase in 
gasoline pumping activities the day of or the day following 
fmemcary paydayse With this information in mind it was 
decided to obtain interarrival time data on Saturday, 15 
March 1980, which happened to be a day following a military 
payday. service time data was obtained for unleaded gasoline 
memeoeaturday, 15 March; Tuesday, 18 March; Friday, 21 March; 
and, Saturday, 22 Marche Service time data for low lead and 
premium gasoline were obtained on Tuesday, Friday and Saturday 


ee 16th, 2ist and 22nd of March 1980. 


Ae INTSRARRIVAL TIME DATA 
Data for interarrival times were obtained during the 
period from 0900 hours, when the pumps were opened, until 


approximately 14330 hours, 15 March, when the pumps were 
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closed as a result of the daily allocation having been exceeded. 
During this 43 hour time period a total of 482 vehicles arrived 
to obtain gasoline. Two vehicles arrived prior to the 0900 
hour opening and thus were not included in this analysis. The 
interarrival time for the first vehicle was based on the 0900 
hour opening. The time of arrival, to the nearest second, 

was recorded for each vehicle utilizing a digital watch. Times 
of arrival were recorded in the following manner. if there 

was no queue for the lane that the vehicle chose, allowing 

him to drive immediately to the pump at which the vehicle 

would be serviced, the time of arrival was recorded at the 
moment the vehicle stopped at the pump. If there was a queue 
for that lane or if the vehicle could not enter the pump area 
(thus had to become the first vehicle in the queue), the time 
of arrival was recorded at the moment the vehicle drove up to 
and first stopped as a member of the queue. Therefore a 
vehicle's time of arrival is associated with the number of 
vehicles being serviced or waiting to be serviced rather than 
with the passing of a particular ohysical location. MThis 
method precludes any attempt to measure driver decision time, 
as it is included in the interarrival time, and closely 
resembles the instantaneous manner in which the simulation 


begins a vehicle's service or enters it in a queue. 


ae 


Rumine this phase of data collection, the researcher was 
Gesttioned to the rear of the gasoline pumping area, beyond 
the queuing area, where all lanes could be clearly observed. 
The researcher was also able to observe vehicles entering 
from elther direction as many customers still enter the gas- 
oline servicing area from the south entrance by the main 
exchange instead of by the one-way street to the north of the 
service station as the signs direct. 

The initial step in the analysis of interarrival time data 
was to obtain a frequency count on the number of vehicles 
arriving during specified time intervals so as to geta 
@Beneral picture of the distribution to be estimated. fFre- 
quencies were obtained for 15 second intervals as shown in 
Table Il. The general picture exhibited by the frequency 
distribution shown in Table I is that of the exponential 
distribution which is common to most time between customer 


eprival situations. 
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TABLE I. 
FREQUENCIES OF INTSRARRIVALS BY 1 COND TIME INTERVALS 


Interval Hime cuenCny 


O- 5 eeeeeevoeeeonvneeoeeeooveee es 190 
16= 40 @eeoeeeeeoeaeveeveeeoeae eee oe ey 
41- Ho eeeeeneveoeoeveoeveneeoe eee eee 82 
LOo= 60 eeeeveeeeeeoeoeeee ee ese Oy 
61= FAS e@eeeeeeeeoeoeeeneoeoeee ees a5 


76= 90 eoeesveeeneeoeoeeeoseeseeee 1 
91-105 eeeoevoeveoeneeoea eeoee ee ee 88 @ 10 
106-120 e@eeeeeoeeoeoeoeeeoeooeoen een e y 


121-135 eeoeeeoevoeeeeneonenene7eeee 6 @ @ 
136-150 eeeeeeveneocoevneoeoeeoee e800 8 
151-165 eeeoeeevoeeneooeveeoeeoeeeened 
166-180 eeoeceeveeveeveeeoeoeoee ee ees 
181-195 eeoeeveveoeeeeoeeeoe ees eeod @ 
196-210 eeeevevaneneeaeooeoeoeoeeoeoe eee @ 
211-225 eeoeeeeveesneeeneoeeev e800 0 @ 
226-240 eceoeoeoeeeoeoeeoeoeeoeeeeereee 
2h1=255 eeoseeneneoneoeoeoo0e 8808808080 @ 
256-270 eeeeeneeveneeeevne een eee 
a.” eeeeeoeveeveneneeveneee eee @ 
2 5 eeeeeeveeeeeeeee eer eee 
TOTAL ioe. 
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The next step in the analysis of interarrival times was 
to determine the peak period arrival rate then estimate the 
appropriate distribution of interarrivals during that peak 
Period. Given an exponential distribution for interarrival 
times, the average number of arrivals during a specified 
time frame will be uniform. Therefore a frequency count of 


arrivals for one-half hour time frames, during the 43 hours 


of operation on 15 March, was obtained as shown in Table II. 
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This breakdown yielded an average arrival rate per one-nalf 
hour of 53.56. A Chi-Square Goodness-of-Fit test was utilized 
to test the hypothesis that the expected number of arrivals 

per one-half hour was 53.56 versus the alternate hypothesis 
that the expected number was not 53.56. A .0O5 level of 
Significance was used with the degree of freedom being equal 

to 8. The critical value of X°p5.g is 15.51 [5]. The computed 


2 


Meestatistic for the data was 52.25, therefore the null 


hypothesis was rejected at the .05 level of significance. 


TABLE Il. 
ARRIVALS BY HALF HOUR, 0900 TO 1330 HOURS 


Taam Period Reale y 
i. 0900-0929 eeeece50 Ze E(x) = Lee2/9 = 526 
6 09 30-0959 eeeeee ee 
Be 1000-1029 ceceee (74 Hy Mee = 5 5656 
he 1030-1059 eeeeese 64 Hy: He) - Doo 
De 1100-1129 eeeoenene 62 2 
Se 50=1159 sweeeee 69 Cureiecal value Of Xx acrcee 1550 
6 1200-1229 @eeeeesn 7 2 : : 
Sie 1230-1259 eeeeeese NS 4a = Dewe 
Je 1400-14329 @eeesesd 8 

TOTAL 482 Reject H, 


Visual inspection of the data revealed that the first hour 
of operation was not nearly as active as the remaining 33 hours. 
The arrivals for the first 2 one-half hour periods of operation 
were only ee and 23, respectively, while the remaining half- 


mele periods ranged from 53 to 74 arrivals. Thus the first 


= 





hour of operation was dropped from the analysis of arrivals 
and the Chi-Square Goodness-of-Fit test was used to test the 
hypothesis that the expected number of arrivals ver one-half 
hour was 62.43 versus the alternate hypothesis that the ex- 
pected value was not 62.435 (see Table III). The level of 
Significance was again set at .05 with the number of degrees 
of freedom being reduced to 6, since 2 time periods had been 
Seooped. The critical value of X 0526 pele 3 oo PSie The 


computed xe 


SeaelevucrtoOr this test, was 5.09, therefore the 
Pree. hypothesis could not be rejected. A xe Staci Ss tavepom 

5.09 with 6 degrees of freedom does not become significant 
until approximately the .53 significance level thus indicating 


meat a fairly good fit has been found. 
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io was thus determined that the period from 1000 to 15350 
hours on Saturday, 15 March represented the peak period from 
which the interarrival time distribution should be determined 
and used in modeling the gasoline pumping operations. To that 
extent a histogram of the 437 interarrival times for that 
period was constructed (see Figure 4) obtaining a frequency 
count of the interarrivals by 15 second time intervals. The 
histogram exhibits an obvious exponential distribution. 
Meatazing the probability distribution function of the expo- 
nential distribution, with the sample mean of 28.51 seconds 
as an estimate of the population mean, the expected frequen- 
cies for the time interval breakdown in Figure 2 was determined. 
These observed and expected frequencies were used to conduct 
a Chi-Square Goodness-of-rit test on the hyvothesis that the 
population mean is 28.51 seconds versus the 
alternate hypothesis that it is not 28.51 (see Table IV). ‘The 
intervals from 120 seconds and greater were combined so that 
no more than 20% of the cells would have an expected frequency 
of less than 5 feoa Therefore the number of cells for the 
Chi-Square test was limited to 9. A .05 level of significance 
was utilized with the number of degrees of freedom being equal 
femon The critical aes vemue 1s 15.51 [5s]. The computed 
X° statistic for this test was 8.18, therefore the null 


hypothesis could not be rejected. The xe Sac wselLemol oO. 1o 
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with 8 degrees of freedom does not become significant until 
Miem.ete, approximately, significance level is reached indi- 
Betang, once again, that a fairly good fit of the distribution 


for interarrival times during peak periods has been found. 


TABLE IV. 
FREQUENCY DISTRIBUTION OF INTEBRARRIVAL TIMSS 





Interval (seconds) Observed Expected 
PeaemmeniC y ae hreauenc y 


like O- Le eeeev0ee0de 17 7 O: B(x) = ] = en X/M 
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Die 105-119 eeoeoeeveed 6 5 
9. 120 6 2 Critical value of 
TOTAL 437 457 


05; 0 = 15.51 
X- = 8.18 
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Based on the preceding analysis it was concluded that an 
exponential distribution with a mean of 28.51 seconds would be 
used in the simulation model of the gasoline pumping operations 
when obtaining random variables to represent vehicular arrivals. 
This distribution should closely represent the actual arrival 


patterns at the service station. 


eg 





mee SokViCE TIME DATA 

Data for service times was collected on several days as 
previously indicated. The data was collected with the idea 
of testing the following hypotheses and determining the 
aovropriate vrobability distribution(s) to be used in the 
Simulation model. First, it was hyvothesized that there was 
a difference in service time according to the type of gasoline 
being obtained. The basis for this hypothesis was that 
average tank capacities for vehicles utilizing different types 
of gasoline might be different, therefore taking longer, on 
the average, to fill vehicles obtaining a certain type of 
gasoline. For example, it seemed plausible that the majority 
of vehicles obtaining oremium gasoline would be the older 
large model cars with greater tank capacities than the newer 
medium and compact vehicles which utilize unleaded gasoline. 
The second hypothesis to be examined was that service time 
during nonpeak periods is greater than service times during 
peak veriods. The basis for this hypothesis was that the 
customer and the service station attendants might be prone to 
take their time and provide additional servicing (wash windows, 
check oil, etc.) when no other vehicles are waiting while 
the tendency would be to net waste time and provide minimum 
Services when other vehicles are waiting to be serviced. 

For this phase of the data collection, the researcher was 


stationed inside one of the several bays of the service station 
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in front of the gasoline island for which the service times 
were being recorded. This position afforded the researcher 
an unobstructed, elevated view of the service area so that 
times could be accurately recorded. Additionally, by being 
inside the service bays, the researcher was not readily 
apparent to the customers and station attendants servicing 
the vehicles. The data collection pvrocess therefore hada 
minimal effect upon the normal servicing of the vehicles. 
The time service began and ended for each vehicle was 
recorded to the nearest second utilizing a digital watch. 
Service times were recorded as follows. If a vehicle was 
entering the service area directly without having to wait in 
a queue, the service start time was recorded at the moment the 
vehicle stopved at the pump at which it would be serviced. 
Likewise, when a vehicle's servicing had been completed and 
it could leave without having to wait for another vehicle at 
meeump in front of him, which had him blocked, the service 
time was recorded at the moment the vehicle began to drive 
away. If the vehicle that was ready to depart was blocked 
from doing so, the departure time was recorded as the time 
the customer reentered his vehicle to depart plus the 
researcher's judgement as to how long it would take to start 
the vehicle and begin the departure. Thus the service time 


reovresents the entire time that the pump was unavailable to 
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service another vehicle and includes the time to exit the 
vehicle after arriving at the pump, all services verformed 
while at the pump, time to conduct the payment transaction, 
and time to reenter and start the vehicle for departure from 
the service area. Specifically, it does not include the time 
a vehicle has to wait to leave the service area due to being 
mlocked. 

The service time is slightly more inclusive when the 
vehicle is coming out of the queue to be serviced rather 
Bhan driving directly up to the pump without having to wait 
in the queue. The service start time for a vehicle coming out 
of the queue was recorded as the service ending time for the 
vehicle in the service area whose departure is now opening up 
the pump(s) for a vehicle(s) in the queue. For example, 
assume that there are two vehicles in the queue for a certain 
lane and that both pumps for that lane have vehicles at them. 
The vehicle at the second pump has completed his servicing 
but is blocked from departing. The service ending time for 
that vehicle is recorded as described above. ‘When the vehicle 
at the first pump completes servicing and begins to depart, 
both pumps for that lane will become available and the two 
vehicles in the queue will leave the queue and begin servic- 
ing. Therefore their service beginning time corresponds with 


the service ending time for the vehicle at the first pump. 





Thus, in these situations, the service time includes the time 
it takes for the vehicles to come out of the queue and drive 
up to the pumps as well as the other activities included in 
the service time as described above. Inclusion of this time 
is justified by the fact that the vehicles in the queue are 
already at the service station walting to be serviced and 
therefore coming out of the queue belongs to their service 
time. It is important that this time be accounted for in 
accurately simulating the gasoline pumping operation. If 
this time 1s not accounted for in the manner described the 
Simulation model would nave to be unnecessarily comvlicated 
by collecting data separately and determining a distribution 
to be used for modeling the time it takes vehicles to come 
out of the queue and drive up to the pumps. There is little 
to be gained by modeling this activity separately rather than 
including it in the service time. 

A total of 999 service times were obtained as shovm in 
Table V. Histograms for these various data groupings were 
constructed (see Figures 5, 6 and 7) utilizing 30 second time 
intervals. A visual inspection of the histograms indicate 


that they have the same general distribution. 
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TABLE V. 
SERVICE TIME DATA GROUPINGS 





Type of Gasoline: Period X (seconds) S. (seconds) n 
ie 

Unleaded .eeeee Weekday Cepia | | 80.61 219 
Weekend 251.30 65a aie 

Combined IS Ve Sy T2nO7 L66 
Low Lead ceceeoe Weekday ee Oo 6 liens 161 
Weekend 220,10 68.59 189 

Combined Eee oo Velg te 350 
Premium eroocee Weekday 261 008 89.91 20 
Weekend 248.48 93.19 63 

Combined 250en 90.99 ions 

TOTAL SAMPLE oog 


Meeine Che data collection process, the researcner observed 
that the unleaded pumps were normally saturated, having a queue, 
regardless of the time of day or the day of the week. The low 
lead pumps were saturated during peak periods and remained fairly 
active with no, or only a small, queue the remainder of the 
time while the premium pumps seldom had a queue. Resultantly, 
the service time study focused on the unleaded pumps. A para-= 
metric t-test was used to examine the difference between the 
means of the unleaded weekday and weekend service times. A 
pooled estimate of the population variance was used for this 
test since the true population variance is unknowm [4]. 
Additionally, due to the large sample sizes, the standard 
normal distribution tables were utilized rather than the t- 


distribution tables. It was not necessary to assume that the 
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two population random variables were normally distributed 
since this method provides a satisfactory approximation when 
the sample sizes are both large (greater than 25 is usually 
considered satisfactory) ae The hypothesis was that the 
difference between the means of the unleaded weekday and 
unleaded weekend service times was O with the alternate 
hypothesis being that the difference was not 0. A .O5 level 
of significance was utilized therby yielding a critical z 
value of 1.96 for this two-tailed test. The calculated Z 
Mes ete which is not significant until approximately a .34 
level of significance is called for. Therefore the null 
hypothesis could not be rejected and it became justifiable 
to use the combined unleaded data to estimate the appropriate 
distribution for modeling the unleaded service times. 

As shown in Table VI., the above procedure was also 
utilized to test the significance of the differences between 
the weekday and weekend service times for all types of gasoline 
and then to test the difference between the mean service times 
of various combinations of the gasoline types. What this 
rigorous examination demonstrates is that only tne low lead 
weekend data differs significantly from the remainder of the 
data as far as central tendency is concerned. It has already 
been shown by the histograms that all the data groupings have 


Similiar shaped distributions. 





The significant difference shown by the low lead weekend 
data came as no surprisee During the period of data collection 
one of the two nozzles on one of the low lead pumps was not 
working. Resultantly, only 3 vehicles instead of the usual 4 
could be serviced at one time at the low lead island while 
the unleaded and premium islands had the capability of servic- 
ing & vehicles simultaneously. This was not a serious factor 
during the weekdays when the low lead island was not completely 
saturated and only one attendant per island was utilized to 
provide mini-service and handle payment transactions. Thus 
the low lead weekday service times were not significantly 
different from the unleaded and premium service times. However, 
this became a critical factor on the weekend when both the 
unleaded and the low lead islands were saturated and 2 attend- 
ants were used for each of these islands. The 2 attendants 
for the unleaded island were normally servicing 4&4 vehicles at 
a time while the 2 attendants for the low lead island were 
only servicing 3 customers at a time. The time customers had 
to wait to make payment after their vehicle had been serviced 
was noticeably less for the low lead island. The e-1, customer 
to attendant, ratio at the unleaded island often led to a 
customer waiting to make payment after his vehicle was serviced 
While the 1.5-1 ratio at the low lead island usually resulted 
in the customer being able to make his payment transaction as 


soon as he was ready for it. 
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TAB Vi. 


SIGNIFICANCE OF DIFFERENCES FOR MBEAN SERVICE TIMES 


Std Dev (pooled) Z% Statistic 

Unleaded eee. 16 mcg 
(weekday vs weekend) 

how Lead eta (eo 3.975 * 
(weekday vs weekend) 

Premium soa 9 1.04 0889 
(weekday vs weekend) 

Babeacecd vs Low Lead Hees: Neme 
(weekday vs weekday) 

Unleaded vs Premiun Bee. (Ore | = 6/5 
(weekday vs weekday) 

Low Lead vs Premium Sere lO - 91 
(weekday vs weekday) 

Pmibeaded vs Low Lead eemOoecs eg * 
(weekend vs weekend) 

Unleaded vs Premium 5 APR Os s2O5 
(weekend vs weekend) 

Howebead vs Premium ere. (peau “22586 * 
(weekend vs weekend) 

Unleaded vs Low Lead eee tee ee 
(combined vs weekday) 

Unleaded vs Low Lead sere |< 110 pa 50 i 
(combined vs weekend) 

Unleaded vs Low Lead ale ( JeOo Sees * 
(combined vs combined) 

Unleaded vs Premium pioneer 11.086 
(combined vs weekday) 

Unleaded vs Premium bles Leo Stele 
(combined vs weekend) 

Unleaded VS Premium eee Toso ae ~606 
(combined vs combined) 


* denotes significance at the .05 level eee 


ae 
A 


Since all islands would normally be able to service 4 
vehicles simultaneously, it was determined to eliminate the 


low lead weekend data from the analysis of the service time 
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distributions. Further, it was now possible to assume that 
the service times for all tyves of gasoline come from the 

same population. As additional justification for eliminating 
the low lead weekend data and assuming that all service times 
come from the same population, a Chi-Square Goodness-of-Fit 
test for k independent samples was used to test the hypothesis 
gate tne distribution of the service times for the 3 types of 
gasoline was the same versus the alternate hypothesis that at 
least one of the distributions was different. This hyvothesis 
was tested first including the low lead weekend data and then 
after excluding that data. The frequency count for this test 
was made for 30 second intervals with adjacent intervals at 
each tail of the distribution being combined to obtain adequate 
expected frequencies to insure the validity of the test. A 
total of 13 intervals were obtained thus yielding eh degrees 
of freedom, (k-1)(r-1). With a significance level of .05 the 
@meetical value of X og. 0448 56 are ire The computed ue 
statistic for the data inclusive of the low lead weekend data 
was 46.02. Therefore the null hypothesis was rejected (see 
Table VII). However, when the low lead weekend data was 
excluded from the analysis the computed xe statistic was 
27-09 and the null hypothesis could not be rejected (see 


Table VIII). A xX° 


statistic of 27.09 with 24 degrees of 
freedom does not become significant until approximately the 
e530 level of significance is called for, indicating again that 
afairly good fit has been found. 
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The analysis now turns to determining a probability 
distribution of service times which will be sufficiently 
realistic to provide reasonable predictions about the func- 
tioning of the system. Since the system is being modeled for 
peak period operation and the assumption has been made that 
the service time for all gasoline types is the same, the 
focus for this portion of the analysis is again on the un- 
leaded data. Based on the general shape of the histogram for 
the unleaded service time data, it was decided to attempt to 
fit the observed distribution to a form of the Gamma distri- 
bution known as the Erlang distribution. The Erlang distri- 
bution is common to most actual service-time distributions and 
meemcne following orobability distribution function, 


f(x) = at a , With a mean = mA and 
m=- 1)! 


feoriance = m/r.<, where Aand m are strictly positive para- 
meters of the distribution and m is further restricted to 
being an integer [2]. The cumulative distribution function 
Memeiven by, F(x) = 1- e xt e™ [3]. ie a Za 
the sample mean of 4.21 ae e the sample variance of 
1.44 minutes, the parameters A and m were estimated as 
approximately 3 and 12, respectively, by solving the equations 
for the mean and the variance simultaneously. 

Beginning with the initial estimates of A and m from the 


sample data, the cumulative distribution function was utilized 
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and the parameters varied, to find the distribution which 
appeared to best fit the observed distribution. Both the 
Chi-Square Goodness-of-Fit and the Kolmogorov-Smirnov one 
sample tests were utilized to test the hypothesis that the 
observed distribution did not differ from the theoretical 
Erlang distribution with parameters A and m. The parameters 
were adjusted until an Erlang distribution was found which 
could not be rejected by either test. The parameters 
obtained by this method were a A of 3.435 and an m of 14. 

For the Chi-Square test the frequency counts were made for 
one minute intervals, except that adjacent intervals were 
Combined at both tails of the distribution so that the ex- 
pected frequencies would be sufficiently large to provide a 
valid test. Seven intervals were thus obtained which, at 
the .05 significance level, has a critical ic value of 
2.59 [5]. The computed X° statistic for this test was 9.16 
which does not become significant until the .16, approximately, 
significance level (see Table IX). For the Kolmogorov- 
Smirnoff test the cumulative expected and observed frequencies 
were compared at 30 second intervals, except at the tails. 
ie@ewcritical value of Dios is .063/5] while the computed D 
Meewistic for this test was only .032 (see Table X). ‘The 
null hypothesis could not be rejected by either test so the 


assumption is made that the service time distribution can be 
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realistically represented by an "Erlang distribution with 
parameters X= 3035 and m= 14. To demonstrate the apparent 
Boodness of this fit, a graph of the observed and theoretical 
cumulative distribution functions are shown in Figure 8 along 
with the service time values and associated probabilities 


used to construct the graph. 


Pee CONSUMPTION BY TYPE 

Another assumption that required testing was that the 
percent of gasoline by type being purchased was a satisfactory 
predictor of the ratio of vehicles purchsing the different 
types of gasoline. It is plausible that a certain type(s) of 
gasoline may be used by vehicles possessing the larger tank 
capacities whereas other types might be used mainly by vehicles 
with smaller tank capacities. If this were the case, tnan the 
ratio of consumption by tyne could not be used to model the 
ratio of vehicles purchasing each type. Resultantly, it would 
be necessary to develop consumption rate data per gasoline type 
in order to allow realistic predictions concerning the effects 
of changes in the demand for different types of gasoline. CDR 
Evans had stated that approximately 45% of the gasoline sold 
at the station was unleaded, 35% low lead and 20% premium. On 
22 March, between 0940 and 1244 hours (when the station ran out 
of premium gasoline), 142 vehicles purchased unleaded gas, 115 


low lead, and 57 premium for a total of 4314 gasoline purchases. 
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A Chi-Saquare Goodness-of-Fit test was utilized to test the 
hypothesis that this sample came from a 45, 35, 20 percent 
distribution (see Table XI). The critical value of X“4.., 

is 5.99 Sal whereas the computed xe Statistic for this test 
was only .806, which does not become significant until the 
~55 level of significance is called for. Therefore the hull 
hypothesis could not be rejected and it appears realistic to 
Memlize gasoline consumption as a predictor of the ratio of 
vehicles purchasing each type. This assumption is further 
strengthened by the fact that tne service times for all types 
has previously been shown to come from the same population 
indicating that the number of vehicles with large, medium and 
small tank cavacities were proportionally equivalent in the 


use of the three types of gasoline. 


TABLE XI. 
PONoUMPTICNS VERSUS NUMBER OF PURCHAS#6 BY TYPE 
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IV. MODEL ASSUMPTIONS 


The model which has been develoved is simplistic in nature 
but sufficiently detailed to allow examination of the more 
critical factors effecting the efficiency of the system. The 
ensuing discussion outlines the model with the primary purpose 
of detailing the assumptions that have been made during devel- 
opment. A thorough understanding of the underlying assumptions 
is essential to maximize the use of the simulation as a decision 
tool and to comprehend the limitations of the model. This com- 
prehension is also significant so that management personnel 
can direct necessary modifications to the model as the dynamic 
environment changes causing present assumptions to become 
unrealistic. The majority of the assumptions concern the 
manner in which the system will operate in the future. Con- 
Sumer behavior, after addition of the new island and the 
offering of full service at one lane, may be contrary to what 
has been assumed in the model which has peen based on present 
behavior. 

The first assumption is that all lanes will be of two basic 
types; those dispensing a single grade of gasoline or those 
with 3 pumps, dispensing unleaded gasoline at the first and 
last pumps and low lead at the middle pump. This assumption 
is based on the current and anticipated arrangements. Options 


which include different grades in the same self service lanes 
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are not considered in that they are deemed to be impractical 
for maximizing the utilization of the pumps as described in 
Chapter II. 

The assumption that a 3-<pump lane will have 2 unleaded 
and 1 low lead pump is based on the demand for those grades. 
Unleaded gasoline is the most highly demanded grade and this 
demand is expected to continue increasing as a result of the 
exhaust emission requirements enacted during the mid 1970's. 
On the other hand, tne demand for premium gasoline has been 
decreasing as a result of these emission standards. Result- 
antly, premium grade is not considered for a 3-pump lane and 
the unleaded grade is assumed to be dispensed from e2 of 3 of 
eae 5 pumps. 

The 3-pump lane only considers tne low lead grade at the 
middle pump. Again, this is for maximum utilization. Due 
memcne physical limitations described in Chapter II, only 2 
vehicles can be serviced simultaneously. If the low lead 
pump is the first pump, servicing of an unleaded or low lead 
vehicle prevents utilization of the remaining 2 pumps when 
the next vehicle to be serviced requires low lead gasoline. 
Likewise, if the last pump is low lead, servicing of a low 
lead vehicle blocks utilization of the first two pumps regard- 
less of the grade required by the next vehicle waiting to be 


Serviced. Assigning the middle pump as low lead allows the 
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first and last to be utilized when two unleaded vehicles are 
to be serviced; the first and middle when an unleaded and low 
lead vehicles, respvectively, are the next to be serviced; and, 
the middle and last when the next vehicles require low lead 
and unleaded, respectively. A utilization problem does exist 
when a vehicle is being serviced at the one low lead pump and 
the next vehicle to be serviced also requires low lead gasoline. 

Concerning utilization Of the pumps at a S-pump lane, it is 
always assumed that 2 vehicles can be serviced simultaneously 
given the conditions in the preceding paragraoh. [In other 
words, if an unleaded vehicle is the first to be serviced, 
it is assumed that it will go to the first pump and park far 
enough forward to allow a vehicle to be serviced at the middle 
pump, should the next vehicle require low lead gasoline. 
However, a third vehicle will be incapable of being positioned 
close enough to the third pumo to be serviced. Likewise, when 
the first vehicle to be serviced is low lead, it will go to 
the middle pump and park far enough forward to be serviced by 
the middle pump and still allow room for an unleaded vehicle 
to be serviced at the last pump. Unregulated parking at the 
pumps for servicing could cause underutilization. It is ex- 
pected that the service station attendant(s) for that lane 
Will insure that the proper parking discipline is followed. 

It has been assumed that all lanes dispensing the same 


grade of gasoline will be contiguous and that operation is 
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not altered by the sequencing of the lanes by grade. There- 
fore the model always assumes lanes i through the number of 
unleaded lanes as unleaded, the next number of low lead lanes 
as low lead, then premium lanes and, finally, the combination 
lanes, if any. Options which have like grade lanes separated 
can be analyzed with the model if one is willing to assume 
that this arrangement has no effect on system operation. It 
is the opinion of the researcher that such an arrangement 
would create confusion among the consumers thus disrupting 
the queuing process. Some customers would spend time in the 
wrong queue before realizing their mistake and then have to 
go to the rear of the proper queue. Time in the wrong queue 
would be "lost" time as it increases waiting time without 
getting the customer closer to being serviced. 

Another assumption of the model is that lanes will be 
available for dispensing each of three different grades of 
gasoline. The variable names given in the program for the 
3 grades are UNLEADED, LOW LEAD and PREMIUM since these are 
the 4 grades currently dispensed. However, these variable 
names could represent any three grades. Replacing premium 
with diesel fuel is an option receiving strong consideration. 
This option can be realistically examined without any mod- 
ification to the program as it involves a direct substitution 


Of one grade for another. However, reducing the number of 
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gasoline types by eliminating premium or increasing the number 
beading diesel fuel would require minor modification of the 
program. Combination (3-pump) lanes are not required in the 
model. The model can be utilized without modification to ex- 
plore options with or without the 3=pump combination lanes. 

The preceding discussion has centered on the assumptions 
concerning the physical environment uncer which the system 
Operates. The following discussion will examine the assump- 
tions concerning queue discipline and decision making by the 
consumer. These assumptions are based on the discussions 
with the mxchange Officer and Station Manager concerning 
system Operation and the observations of the researcher during 
the data collection phase of model development. 

Although full service is to be offered at the 3=~pumpo lane 
being installed at the ixchange Service Station, there will 
be no price difference between a grade of gasoline disvensed 
from that lane and a like grade dispensed from a self service 
lane. Therefore it is assumed that a customer will be in- 
Ggifferent as to selection of a self or full service lane. The 
primary factor that a customer will consider is how quickly 
he or she can begin service. This seems to be a reasonable 
assumption considering the type of service vrovided (mini 
service as explained in Chapter II) at the self service lanes 


Memecrie fact no additional cost is incurred for cnosing the 
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full service lane. The vrimary difference between the full and 
mini service will be that the customer need not request the 
attendant to pump the gasoline at the full service lane. Service 
times for the full service lanes are assumed to come from the 
same population as the mini service lanes since there will be 
very little actual difference in the amount of service provided. 

In selecting a lane, based on the following logic, the 
customer is assumed to select a e-pumv lane over a 43-vump lane 
when all other criteria are equal. This assumption is predi- 
Saved on the fact that certain combinations of arrivals can 
create underutilization of the pumps at a 3-pump lane as dis- 
cussed earlier in this chapter. Therefore the probability of 
Sieraining service sooner at a 2-pump lane is higher. 

The logic for customer lane and pump selection, given that 
they dispense the required gasoline, is asfollows. The customer 
first searches for a lane with all vumps available for service 
and goes to the first vump in that lane dispensing the required 
gasoline. If that serch has negative results, he looks fora 
lane with the last pump (2-pump lane) or the middle and last 
pumps (3-pump lane) open. When found he goes to the last pump 
of a 2-pump lane or the middle or last pump, depending on re- 
quired gasoline grade, of a 3-pump lane. A negative search at 
this point results in the vehicle having to enter a queue with 
the possible exception of a vehicle requiring unleaded gasoline. 


The last pump of a 3-pump lane is searched to determine if the 
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unleaded vehicle can be serviced there. [If these searches are 
Beeniegative, no pumps are available to service the vehicle and 
it must now search for the shortest queue to enter. Again, 
preference is for a e-pump lane when the queue sizes are equal. 

When identical conditions exist for two or more lanes, 
during the searches described in the preceding paragranh, the 
first lane meeting those requirements is selected. This is 
consistent with the researcher's observations of the actual 
system operation. Under these circumstances, there was a 
strong tendency for the customer to select the first (closest) 
Hane meeting his or her requirements. When identical lane 
Senoaitions exist when a vehicle has to enter a queue, the first 
lane meeting these conditions is selected under the 3-pump lane 
logic and the last lane searched is selected under the 2-pump 
lane logic. No lane preference was noted during actual system 
operation and therefore the only significant factor assumec 
is the preference for a 2-pump over a 3-pump lane. 

Bypassing 1s not considered in the model. This is when a 
vehicle at a latter pump departs by driving around a vehicle 
still being serviced at the forward pump or when one vehicle 
drives around another being serviced at the latter pump in 
order to get to the idle forward pump. Although some bypassing 
Mes, Observed during data collection, it occured primarily dur- 


ing slow operating periods when vacant adjacent lanes permitted 


By 


this orocedure. Very little bypassing occured during peak 
Meritocds. Vehicles parked next to the southernmost lane pre- 
cluded bypassing at that lane while heavy utilization of the 
other adjacent lanes prevented bypassing there. The only lane 
where bypassing could occur during peak periods was at the 
northernmost lane. However, when a vehicle at a latter pump 
bypassed the vehicle at the forward pumv, the next vehicle in 
mae queue would still normally wait till the forward pump 
opened and go to the forward pump for service. This is a 
reasonable reaction as tne driver observes that the first 

pump will soon be open and, after waiting in the queue himself, 
he or she is well aware that everyone in the queue behind him 
Seer iS anxious to service their vehicles also. Addition- 
ally, bypassing is considered dangerous and is not vermitted. 
The service attendants have instructions to prevent customers 
from bypassing when they attempt to do so. Finally, the 
mecoange Officer stated that he is strongly considering 
erecting posts adjacent to the northernmost lane to prevent 


the bypassing that does occur there. 
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Ve PROGRAM RUNNING INSTRUCTIONS 


The procedures for running the program are outlined in this 
eaaoter utilizing the input data shown in Appendix E, Program 
Listing, for illustration. The sample data represents the three 
options that were utilized in developing and testing the program. 
These options represent alternatives in system design with the 
environmental factors being held constant at the values obtained 
in Chapter III. Option 1] revresents the station as it will be 
after installation of the new island; option 2 is the vresent 
system configuration; and, ovtion 3 simulates a 3-2-1 (unleaded- 
low lead-premium) lane configuration which is currently possible 
and believed to be a viable ootion for reducing the long un- 
leaded queues and hence the overall average waiting time. 
Following the discussion of the input data is a brief compari- 
son of the results of a program run for the three options. 
sample outout for these three options is shown in Appendix D. 

The program uses free form read statements for reading in 
the variable input data. Therefore the following rules apply 
for preparation of the data cards [1/: 

ae Values need notoccupy specific columns. 
be Values must be separated from each other by at 
least one blank column. 


ce A value cannot be split between cards. 


D¢ 


The data must be entered in the sequence in which they are 


about to be discussed. Although not a requirement, it is 


recommended that the data be placed on the cards indicated to 


facilitate changing various values. The sample cards shown 


here correspond with those shovm in Appendix E. 


Data Card 1 ( 5 20 . iO 
(Sxample | (a) (bd) ce) (d) 


Ae 


the number of opvtions - establishes how many times 
tne program reads in and simulates the operation 
with new variable values. 

Min meOn mem tLGaviOons = controls the number of 
times that each option is to be replicated in order 
to provide the desired statistical significance for 
the data being examined. 

number of random number streams - currently fixed 
at 3; one each for determining gasoline tyves, 
arrival times and service times. This has been 
included as part of the input data to allow for 
easy modification of the program. This data is 
used for saving and then reusing initial random 


number stream seeds as detailed in Appendix B. 


(Note - the vreceding data items are parameters for running the 


program and are not variables being examined.) 


de 


open time - the length of time, in hours, that the 


lanes are to remain open for the simulation. This 
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meomtneludedmon the first data card as it is a 
parameter that should not change when comparing 
options. 

(Note = the remaining data is required for each option. Data 


for the option with the greatest number of lanes must be entered 


merst. ) 
Data Card 2 3 a a ] 
bxample) (e) (f) (gs) (h) 
Ce number of unleaded lanes - minimum requirement of 
PelOaiosemmum rest ni ct1On. 
f. number of low lead lanes - minimum requirement of 
Penowiasslnnr: restracci1oOn. 
Se number of oremium lanes - minimum requirement of 
i-e Doemekimum restricblon. 
he number of combination lanes - no minimum require- 
ment Or maximum restriction. Znter O if there are 
none. 
Data Card 3 uD ‘25D 5 28) 
(Example) (i) Cap) (k) 


ie population ratio of vehicles requiring unleaded 
gasoline. 

je population ratio of vehicles requiring low lead 
gasoline. 


ke. population ratio of vehicles requiring premium 





gasoline. 
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Data Card 4 | 14 oe 
(Example) Ga) (m) (n) 


ieee iMmerarrivallvame, dn mMinuces, for the 





Ppencdtialy al striouction of vehicle arrivals. 
Vw eeeeanicner LOr Che Nrlang distribution of service 


times. 


ne. Avarameter for the Erlang distribution of service 


times. 


Data Card 5 _— 
(axample) (o) 


O. total number of lanes. 





Dover Gard 6 2 2 2 2 2 2 2 3 
mxample ) cp) (q) eeeoenesseeveseeveeves ees Cw) 


p- We the number of pumos for each lane. A value 
must be entered for each lane in tne option. 
Caution should be taken in entering the values 
in the correct sequence; unleaded lanes first, 
followed by the low lead lanes, then the premium 
lanes and finally the combination lanes, if any. 
Cards 7 - 11 will contain the same information for the 
meeend Option, if any, as cards 2 = 6 contain for the first 
Option; cards 12 - 16 for a third option, etc. Therefore the 
first card of the data deck will contain the vrogram running 
parameters and will be followed by a set of five data cards for 


each option to be examined. 
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Potomexvremely impe@rtant that the data for the option with 
the greatest number of lanes be entered first. The statis- 
tical routines that are established for each lane are created 
Mirine the exercise of the first option. Insufficient routines 
will be available for examination of subsequent options if the 
ootion with the greatest number of lanes is not entered and 
examined first. 

Becrconvrol cards for running this SIMSCRIPT II.5 program 
are included in the program listing, Appendix E. 

The base case for the test simulation was option 2, the 
current system operation. Note in Appendix D that, with the 
present lane configuration, during a & hour operation period 
the average queue lengths for the unleaded, low lead and 
premium lanes are 8, 1 and O, respectively. The respective 
maximum queue lengths are 18, 6 and 2. This simulation out- 
come 1S consistent with the observations made during data 
collection and with what one would intuitively exvect for the 
environmental data used. Note additionally, that the average 
waiting time was near 11 minutes and had a wide variation. 

By converting one of the premium lanes to unleaded, option 
5, the unleaded queues are practically eliminated with their 
average becoming O and the maximum length being 3. However, 
the single premium lane develops a queue which averaged 4 and 
had a maximum length of le. The average waiting time is 


Peeavly reduced, from 10.73 to 4.22 minutes, and the variance 
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is much smaller. As expected, the queues remain the same for 
the low lead lanes which were unaltered in this option. 

Option 1, the alternative soon to be implemented, simulation 
shows near elimination of all the queues with the average for 
all lanes being O and the maximum queue length being 2. addi- 
tionally, waiting time is shown to be reduced to less than a 
minute. However, the simulation results indicate a large re- 
fection in pump utilization as a result of the addition of 
another service island. Options 2 and 3 had 97 and 87, re- 
spectively, vehicles blocked from leaving a latter pump while 
option 3% only shows 50 being blocked. This better than 40% 
reduction with 502 vehicles being serviced under each option 
indicates that the latter pumps are not being utilized as 
heavily as in the other options. 

No attempt has been made in this thesis to address the 
Beeniticance of reductions in pump utilization. It is simply 
provided as an indicator to management to prevent consideration 
of options which solve queue and waiting time problems by pro- 
Viding, at a great expense, an excesSive number of pumps. The 
ideal situation is one in which minimum gueues develonv while 
all pumps are highly utilized. Due to the randomness of 
arrivals and service times, such an occurrence is highly un- 
likely. Therefore the simulation of option 1 indicates the 


system alternative to be implemented to be a good alternative. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


Although the model was developed for the Naval Postgraduate 
School Exchange Service Station, it's use is not limited to 
that station. Gasoline pumping operations are sufficiently 
Similiar at most other stations in the exchange system and 
the model is sufficiently general to allow use of the model 
Meetout, Or with only minor, modification. 

The model is capable of analyzing the gasoline pumping 
operation in two ways. First, an analysis of the system can 
be accomplished by simulating one physical layout under various 
environmental conditions. For example, the present 2-2-2 
(unleaded-low lead-premium) lane configuration could be ex- 
amined to determine what effects changes in the arrival rate, 
service time or demand for gasoline grades has on the systen. 
This could provide valuable insight as to when changes in system 
design should be considered. Secondly, alternatives in system 
design can be examined by holding environmental factors 
cOnstant and observing the effect on operations that different 
physical layouts have. For example, system operation under the 
present and future lane configurations can be examined utiliz- 
ing the arrival rate, service time and gasoline demand data 
Mocained in Chapter III. 

The effects of changes in the following variables can be 


Seeemaned by the model: 1, length of opveration; 2, the number 
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menieaded, low lead, premium and combination lanes; 3, the 
Memulation ratios of the vehicles requiring different grades 
Memececoline: 4, the interarrival distribution; and, 5, the 
pervice time distribution. 

Peceauretecerieure should be used for examination of the 
options based on the arrival rate and daily allocation. This 
time is constrained by the number of vehicles which can be 
serviced, based on average purchase quantities, given the 
@etiy allocation. For example, the daily allocation at the 
time data was collected for this study would allow approximately 
475 to 500 vehicles to be serviced each day. Approximately 
Boeevehicies will arrive during a 4 hour period utilizing the 
peak arrival rate determined in Chapter Iii. Therefore 4 
hours is a realistic open time for examination of options under 
the present conditions. 

it snould be kept in mind that all system variables are 
subject to cnange over time and for different stations. There- 
meme tae distributional data determined in Chapter III should 
not be considered valid for simulations run in the future. 

Data should be collected and analyzed utilizing the techniques 
Outlined in Chapter Iii. iInterarrival and service times can 
normally be expected to exhibit exponential and itrlang distri- 
butions, respectively, as earlier shown. 

For each option simulated, the input variable values are 


ferst shown followed by the results of the simulation. 
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Therefore the outnut shows exactly what has been simulated and 
mime assoclated results. The primary item of interest for each 
@oci0n is the queuing process, especially the average waiting 
time to be expected. Three items of information provide in- 
sight into this process. The average and maximum queue lengths 
are showm for each lane along with the average waiting time 

in a queue for all queues combined. It should be noted that 
the average queue length is a time weighted average. 

Measures are also provided to give insight into the 
blocking process. They include the number of vehicles that 
can be expected to be delayed, the total amount of time those 
vehicles will be blocked and the average amount of time a 
vehicle, which becomes blocked, is delayed. This information 
eiyes insight into pump utilization. In this tandem server 
system, blocking is to be expected when all pumps are being 
Mega zed. Ontions that show little or no blocking are indi- 
Cative of underutilization of the pumps. This occurs when 
too many lanes/pumps are provided for the service demand. 

Thus most vehicles get serviced at the forward oumps and are 
not delayed from departing at the completion of service. 

The last information provided is the average number of 
vehicles that are serviced at the given arrival rate for the 
amount of time that the lanes are open. This serves as a 


check on the open time variable to insure that the servicing 
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of a realistic number of vehicles is being simulated based on 
mae daily allocation. The standard deviation of all output 
measurements are also provided to give insight into their 
Tarlability. 

The information provided by the simulation must be analyzed 
Mmomude proper context. The simulation provides insight into 
the system operation under stress conditions. The arrival rate 
Should be the maximum rate expected. This simulation can be a 
valuable aid to managerial decision making if the assumotions 
and limitations of the model are fully understood when utiliz- 


ing the program and analyzing the options being examined. 
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APPENDIX A: PROGRAM VARIABLE DEFINITIONS 


ARRIVAL - the event (subroutine) which processes all actions 


required as the result of a vehicle arrival. 


ZUTO - a counter used to record the number of vehicles 


processed during each replication. 


meesuTO = the statistical routine used to calculate the average 


number of vehicles (T.AUTO) processed during n repli- 


caluonmcro fcacheootieon (See also, T.AUTO and SD.AUTO). 


AVG.AVG.JAM - the average smount of time that a vehicle, blocked 


AVG.JAM i 


from departing after service completion, is delayed 
from leaving. The value of AVG.JAM at the end of 

each replication which is then used in statistical 
routines for calculation of the average and standand 
deviation of delay time for n replications of each 
option (see also, AVG.JAM, MN.AVG.JAM and SD.AVG.JAM). 
the statistical routine used to calculate the average 
amount of time that a vehicle, blocked from departing 
after service completion, is delayed from leaving 


(see also, JAM.TIME and AVG.AVG.JAM). 


AVG.NO.JAM - the number of vehicles that were blocked by another 


from leaving after service was completed. It is the 
value of NO.JAM at the end of each replication which 
Pe leweUscaeriyestevistical routines for calculation 


of the average and standard deviation of average delay 
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time for n replications of each option (see also, 
NO.JAM, MN.NU.JAM and SD.NO.JAM). 

AVG. QUEUE.LENGTH - the statistical routine used to calculate 
the average length of each queue during each renpli- 
cation (see also, MN.NO.CARS, MN.QUEUE.LENGTH and 
SD.QUEUE. LENGTH). 

AVG. TOTAL.JAM - the total amount of time that vehicles, blocked 
from devarting after service completion, are delayed 
from leaving during each replication. It is the value 
of TOTAL.JAM at the end of each replication and is 
used in statistical routines for the calculation of 
the average and standard deviation of the total delay 
time for n replications of each option (see also, 
TOTAL.JAM, MN.TOTAL.JAM and SD.TOTAL.JAM). 

BLOCKED - a pump status indicating that the vehicle being ser- 
viced at that pumv will be delayed from leaving after 
service completion because the vehicle at a forward 
pump will still be under-going service, or, in the 
case of tne last pump of a 3 pump lane, the pump is 
unavailable for use beacuse; 1, the other 2 pumps are 
already in use, or, 2, the low lead (2d) pump is in 
use and the next vehicle in the queue waiting to be 


cervecocasomwalso Low lead, 
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BUSY 


CAR 


CLOSE. 


DEPARTURz 


Peomemorscaviceindicating ~Ehat a vehicle is being 


serviced at that pump and it will be able to depart 
immediately upon completion of the service. 

a termporary entity used to record the time of arrival 
(TIME.OF.ARRIVAL) and gas type (FUEL.TYPE) of vehicles 
that arrive but cannot be immediately serviced 
(vehicles that must enter a queue). Note that a re- 
cord of vehicles being serviced immediately need not 
be retained as the attributes of the lane are changed 


tomretilece thesproper actions to follow. 


UMPS ~ the event (subroutine) used to stop further ar- 


rivals after the lanes are closed. Only DEPARTURES, 
vehicles already being serviced or in the queues, will 
be processed after event CLOSZ.PUMPS occurs. 

~ the event (subroutine) which processes all actions 
required as the result of a vehicle departure. Note 
that departures are keyed to the lane and pump from 


TomeuecnewccDanbumRe, Occurs, not on the vehicle. 


PIRST.PUMP - the attribute of each lane which represents the 


status (IDLE, BUSY or BLOCKED) of the first pump for 
that lane. 


meme tiyPr - the attribute of a vehicle (CAR) used to record the 


type of gasoline (UNLEADED, LOW.LEAD or PREMIUM) that 


it requires. 
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GAS.TYPS - the attribute of each lane (LANE) representing the 
type(s) of gasoline (UNLEADED, LOW.LEAD, PREMIUM or 
UN.,OR.LL) dispensed from the pumps:in that lane. 

TA.TIMS - the average interarrival time, in minutes, for vehicles 
arriving to get gas. Used as an argument of the ex- 
Pome mots Lem ETOnmiibhary function, sXPONENTLIAL.F, 
to randomly determine the time of each arrival. 

IDLE - a pump status indicating that the pumv is available 
for servicing of another vehicle. Note that this 
status does not necessarily mean that a vehicle can 
get to the pump for servicing as this vocumd may be 
tomvaraso, One that 1s BUSY. 

ISLAND - a temporary attribute of the event departure used to 
yass the lane designation from which the departure 
TeomvOmOCe ur. 

JAM. TIM: ~- the time that a vehicle is delayed from devarting 
after service completion because a vehicle ata 
forward pump is still being serviced. 

LAMBDA - one of the 2 parameters of the Erlang distribution 
used to represent the population of service times. 
The 2 parameters are used in the arguments of tne 
awa eleerary function for randomly determining 
the service time for each vehicle in the model (see 


Zul Siena e 
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LAN Ss ~ the permanent entities representing the gas lanes 
for servicing the vehicles. itach lane is character- 
ized by attributes which represent the status of it's 
pumps, times when the status’ change (note that only 
the times for a change from the busy state are re- 
corded), type of gas dispensed, a queue of vehicles 
walting to be serviced at tnat lane anc the average 
and maximum number of vehicles in that queue. 

meot.PUMP - the attribute of each lane (LANS) which represents 
the status (IDLE, BUSY or BLOCKED) of the last pump 
for that lane. 

LL.RATIO - the ratio (vercent) of vehicles in the population 
being sampled which require low lead gasoline. 

LOW.LEAD - low lead gasoline. Used to designate and determine 
the type of gasoline dispensed at a lane or needed 
by a venicle. 

i - one of the 2 parameters of the Erlang distribution 
used to represent the vovnulation of service times. 
The 2 parameters are used in the arguments of the 
GRLANG.F library function for randomly determining 
the service times for each vehicle in the model (see 
also, LAMBDA). 

MAX.NO.CARS =- the maximum number of vehicles in tne queue for 


each lane. It is the value of MAX.QUSUE.LENGTH at 
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the end of each replication and is used in the statis- 
tical routines for calculating the average and standard 
deviation of the maximum queue length for n replica- 
tions of each option (see also, MAX.QUEUE.LENGTH, 

MN .MAX.QUEUE and SD.MAX.QUEUZ). 

MAX. QUZUE.LENGTH - the statistical routine for calculating the 
maximum queue length for each lane during a repli- 
cation (see also, N.QU=SUH and MAX.NO.CARS). 

Beri. VALTING TiME = the statistical routine for calculating the 
average time, during a replication, that vehicles 
nave to wait, after arrival, until service begins 
(see also; Tere rits WAIT). 

MID.PUMP - the attribute of each lane (LANE) which revresents 
the status (IDLE, BUSY or BLOCKED) of the middle pump 
for that lane. For a 2 nump lane this status is 
always IDLE as no middle pump exists. 

MN.AVG.JAM - the statistical routine for calculating the average 
amount of time that vehicles, which are blocked after 
service completion, are delayed from leaving for each 
option (see also, AVG.AVG.JAM and SD.AVG.JAM). 

MN.MAX QUEUE - the statistical routine for calculating the 
average maximum queue length for each lane of an option 


(see also, MAX.NO.CARS and SD.MAX.QUEUE). 
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MN.NO.CARS - the average aueue length of each lane. Itis 
the value of AVG.GUEUE.LENGTH at the end of each 
Bopeecavonwenauls Used In the statistical routines 
for calculating the average and standard deviation of 
the average queue length for n replications of each 
ootion (see also, AVG.QUEUS.LENGTH, MN. QUSUE.LENGTH 
and SD.QUEUZ.LENGTH). 

PeoUEUG. LENGTH = the statistical routine for calculating the 
average queue length for each lane for n replica- 
Wmens Of am Option (See also, MN@MO@.CARS and SD. 
QUEUVE.LENGTH). 

MY. TIME.WAIT - the average time a vehicle has to wait, after 
arrival, until service begins. It is the value of 
MEAN. WAITING.TIME at the end of each replication and 
HMoeused mMemsctatistical routines for calculating the 
average and standard deviation of the average waiting 
time for n replications of each option (see also, 
Pee es Tae MNS WALTING TIME and SD. WAITING. 
Tones 

Meet AL.dAM =— the statistical routine for calculating the 
average amount of total time that vehicles, blocked 
after completion of service, are delayed from de- 
DaeerIne curse replications of an ovtion (see also 
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Pome VALTING. TIME - the statistical routine used to calculate 
the average amount of time vehicles had to wait, 
after arrival, until service began, during the n 
replications of an option (see also, MN.TIMZ.WAIT 
SMewoo sa PING, wala) 

MecOMB.LANES - the number of 3 pump lanes for an option. A 
combination lane dispenses unleaded gasoline from 
the first and last pumps and low lead gasoline from 
the middle pump. 

MY.NU.JAM - the statistical routine for calculating the average 
number of vehicles, blocked after completion of 
service, delayed from departure (see also, AVG.NO.JAM 
and "SD. NO.JAM). 

N.LANS - the total number of lanes for an option. 

N.LL.LANZS - the number of low lead lanes for an option. 

N.OPTIONS - the number of onvtions being examined during any 
program run. 

NePR.LANES - the number of premium lanes for an option. 

Ne.PUMP - the number of pumnos per lane. The value read in to 
See the NOJOF.PUMPS attribute for each lane. 

N.QUEUS - the number of vehicles in the specified queue at any 
DenELchlaretimemseuring the simulation. 

N.REPLICATIONS - the number of times each option is replicated. 

N. STREAMS - the number of random number streams to be utilized 


for random sampling. 
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W.UN.LANES - the number of unleaded lanes for an option. 

NO.JAM - the statistical routine used to record the number of 
vehicles, blocked after completion of service, de- 
layed from departure during a replication (see also, 
JAM.TIME and AVG.NO.JAM). 

NO.OF.PUMPS = the attribute of each lane (LANE) which represents 
the number of pumps at each lane (either 2 or 3). 

OPEN. .TIMs - the amount of time the lanes are open to arrivals 
for each simulation run. All vehicles which arrive 
during the oven time will be serviced. A replication 
does not terminate until all vehicles have been 
serviced and depart. 

PR.RATIO - the ratio (percent) of vehicles, in the population 
from which sampling is occurring, that require premium 
gasoline. 

PREMIUM - oremium gasoline. Used to designate and determine 
the tyve of gasoline dispensed at a lane or needed 
by =a vehicle. 

memes —- the attribute of a lane (LANE) used to hold the 
venicles waiting for service in that lane. 

SAVE.SEED - a 2 dimensional array used to save the initial 
random number seeds for each stream for each revli- 
CJpeonmonewte fT2rSsr OotlOn So that the identical 


seeds can be used for sampling during the remaining 
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options. Therefore the options can be examined 
under identical operating conditions. 

SD.AUTO - the statistical routine used to calculate the 
pEeondarcecdeylanlenson the number of vehicles (T.AUTO) 
processed during n replications of an option (see 
oor lynuto end AVG AUTO) 

SD.AVG.JAM = the statistical routine used to calculate the 
standard aeviation of the amount of time that vehicles, 
which are blocked after completion of service, are delayed 
from departure for an option (see also, AVG.AVG.JAM 
and MN.AVG.JAM). 

DD. MAX.QUEUS = the statistical routine used to calculate the 
standard deviation of the maximum queue length for 
each lane for an option (see also, MAX.NO.CARS and 
MN .MAX.QU=SUE). 

SD.NO.JAM - the statistical routine used to calculate the 
standard deviation of the number of vehicles, which 
are blocked after completion of service, delayed from 
departure (see also, AVG.NO.JAM and MN.NU.JAM). 

oD.QUEUZ.LuNGTH - the statistical routine for calculating the 
standard deviation of the queue length for each lane 
for n replications of an option (see also, MN.NO.CARS 
and MN.QUEUZ.LENGTH). 

oD.TOTAL.JAM =- the eee cee routine for calculating the 


standard deviation of the total time that vehicles, 
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blocked after compltion of service, are delayed from 
departure during n replications of an option (see also, 
AVG. TOTAL.JAM and MN.TOTAL.JAM). 

SD.WAITING. TIME - the statistical routine used to calculate the 
standard deviation of the time vehicles have to wait, 
after arrival, until service begins during n repli- 
cations of an option (see also, MN.TIME.WAIT and MN.- 
WAITING. TIME). 

STREAM - a recursive variable used for saving or retrieving 
initial random number seeds for each stream utilized. 

T.AUTO - the number of vehicles serviced during each replica- 
MiOtnOnmanmepeLon. Used im’ statistical routines for 
determining the average and standard deviation of 
vehicles serviced during n replications of an option 
(see, AUTO, AVG.AUTO and SD.AUTO). 

TIME.OF.ARRIVAL - an attribute of each vehicle (CAR) placed in 
a queue which serves Asmcmoaccora. Of abs time of 
arrival at the service station. Used to calculate 
waiting time for the vehicle when it's service begins. 

TOTAL.JAM - the statistical routine used to record the total 
amount of time that vehicles, which are blocked after 
service completion, are delayed from departure during 
each replication (see also, JAM.TIME and AVG.TOTAL.JAM). 

ma Ps, - a local variable used in event ARRIVAL to record the 


type of gasoline (UNLEADED, LOW.LEAD or PREMIUM) 
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needed by the vehicle being processed and to direct 
procesSing through the correct lanes and voumps. 

UN.OR.LL - unleaded or low lead gasoline. Used to designate 
the GAS.TYPE attribute of a 3 pump lane which can 
service either type of vehicle. 

UN.RATIO - the ratio (percent) of vehicles in the population 
from which sampling occurs, which require unleaded 
gasoline. 

UNLEADED - unleaded gasoline. Used to designate and determine 
the type of gasoline dispensed at a lane or needed by 
a vehicle. 

WALTING. TIME - the amount of time a vehicle has to wait, after 
arrival, until it's service begins. Used in a statis- 
tical routine to determine the average waiting time 
for all vehicles during a replication (see also, MN. 
WALITING.TIME). 

1ST.PUMP.CLEAR - an attribute of each lane (LANE) designating 
the time that the service being performed at the first 
pump will be completed. Used to determine which pump 
the vehicle is departing from when a DEPARTURE event 
occurs and when and for how long vehicles will be 
blocked. 

2D.PUMP.CLEAR - the attribute of each lane (LANE) designating 


the time that the service being performed at the 
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middle pump (for a 3 pump lane) or last pump (for a 
2 pump lane) will be completed. Used to determine 
which pump the vehicle is departing from when a 
BPARTURE event occurs, when and for how long vehicles 

will be blocked and the status of middle and last 
pumps. 

3D.PUMP.CLEAR - the attribute of each lane (LANE) designating 
the time that the service being performed at the last 
pumo (of a 3 pump lane) will be completed. Used to 
determine which pump the vehicle is departing from 
when a DEPARTURE event occurs, when and for now long 
vehicles will be blocked and the status of the last 
pump. (Note - this attribute is always 0.0 fora 2 
pump lane as 2D.PUMP.CLEAR serves this attribute for 


the last pump of a 2 pump lane). 
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PREAMBLE 
Line* 


Io= 13 
i= 19 


20- 26 


27- 32 


39 


LO 43 


ees eee eOGRel VERBAL FLOW 


Description 
Declares the events of the simulation. Additionally, 
the event departure is given an attribute which is 
used to pass and identify the lane for each departure. 
Declares CARS as temporary entities and identifies 
the attributes each car will have. 
Declares LANE as a permanent entity and identifies the 
attributes each lane will have. 
Defines global variables. 
Establishes statistical routines for calculating de- 
Sired statistics on the number of vehicles serviced, 
queue lengths, waiting time and the time vehicles are 
delayed from departure. 
Defines the meaning of variables for use in decision 
Logic. 
mHStablishes statistical routines for calculating the 
average and standard deviation, over n replications, 
for the end of replication statistics calculated by 
statements 14-19, above. 
Defines the 2-dimensional array which is used for saving 
and then reusing initial random number seeds. 


Defines global variables. 


* numbers in () in the description give specific line references. 
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MAIN 
Line 


5-94 
6- 8 


Description 
Defines local integer variables which are recursive variables 
used in DO-LOOPS, | 
Reads in variable data concerning the number of options to be 
examined during the simulation, the number of times each option 
is to be replicated for statistical analysis, the number of 
random number streams being utilized and the amount of time the 
lanes are open during each replication, Although the number of 
random number streams is currently fixed at 3, this information 
1s included as variable input data to allow for easy modificat- 
ion of the program, For example, after the 3-pump lane is in- 
Stalled, service times may be found to differ for 2 and 3-pump 
lanes necessitating a modification to this model. 
Reserves the proper amount of memory space for the array used 
for storing and retrieving initial random number seeds, 
The DO-LOOP to be performed for each option. 
Reads in variable data to include the number of unleaded, low 
lead, premium and combination lanes, the population ratios for 
vehicles needing each type of gasoline, the mean interarrival 


time (in minutes) of 
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e= 10 
m= 20 
2l=- 2h 
26—- 31 
Z2- 69 
33- 4O 
bi= 49 


vehicles and the Erlang distribution parameters, M and 
Wo ere Service time distribution. 

Reads in the number of lanes for each option and creates 
those lanes. 

Assigns the proper gas type attribute to the appropri- 
ate number of lanes. Note the assumption that there 
will be a minimum of 1 of each type of lane except 

for the combination lanes. Note also that the first 
N.UN.LANES are unleaded, the next N.LL.LANES are low 
lead, etc. For this model the actual arrangement of 
the lanes is irrelevant - only the number of each type 
1s important. 

Reads in and assigns the number of pumps (NO.OF.PUMPS) 
attribute to each lane. 

Prints the variable values for each option. 

The DO=-LOOP to be performed for each replication. 
eaves initial random number seeds for each stream and 
SiGimmercplilcation Curing the tT1rst Option and then uses 
the identical seeds for the same streams and revlica- 
EVONMs GuUriIngs cnsving Options. This allows the options 
to be examined under identical operating conditions 
with arrival and service times being the same during 
Sac mney lon. 

Initializes the status of each pump to idle and it's 


SeGeneomoomobecea time to 0.0 prior to eacn replication. 
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50 Secmeduses the first arrival. 


5 | Initializes the vehicle counter. 
be Schedules when to close the lanes (stop further arrivals). 
55 Spanuomucesctmabacaom (bhurm = program control over to the 


cine TOULLNe)). 

Su- 62 Transfers end of replication statistical information 
into the variables used by statistical routines for 
CorcutetiImne Guwewastical data on the n replications for 
eden ODulon. 

63 Leith Zosethewsimulactton time to 0.0 for the next 
rep leeablon. 

M@eenoo Resets statistical routines used to calculate statis- 
Macc MiEmelinimase Cach replication. 

yOe Ol Prints results of the simulation. 

82- 90 Resets statistical routines used to comvute statistics 
Shapiemi replicarr~ons Of each Ovtion. 

9l- 935 Destroys the lanes used during the option just simu- 


ieirecgesOtcbaLl Deve lanes can oe created for the next 


Olena. 
ARRIVAL 
Line Dieeteigalicieskesal 
eS Defines the local integer variable used for selecting 
the proper queue to be entered by a vehicle. 
bh Schedules the next arrival. 





2 

o= 17 
1d- 21 
pe=—1i/ 
2h— 26 


Counts the number of vehicles being serviced. 
Determines the gas type needed by the vehicle that 
just arrived by drawing a uniform random number be-=- 
tween O and i and then testing that random number 
against the ratio of the vehicles in the population 
needing each tyve of gasoline. A random number be- 
tween O and the unleaded ratio assigns the vehicle 

as unleaded; between the unleaded ratio and the un- 
leaded vlus low lead ratio as low lead; and the 
remainder as premium. If the vehicle needs vremium 
gasoline, program control branches directly to the 
e-pump lane logic (118) as no 3-vump lane dispenses 
premium gasoline. 

Determines whether 2 or 3-pump lane logic is to followed 
when a vehicle needs unleaded or low lead gasoline. 
The 3=pump lane logic (only for unleaded and low lead 
vehicles). 

searches for a lane with the required typve of gasoline 
which has all pumps oven. Note that the first lane 
meeting these requirements is selected. MThi's is con- 
Sistent with the observations of the researcher. There 
was a noticeable tendency for drivers to select the 


closest (first) lane meeting their requirements when 


there was a choice between identical lanes. ‘When 
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E7- 30 
Bale 55 
me 56 


a lane meets these conditions, program control is trans- 
ferred to line 100. 

No lane met the preceding conditions so now a search 

is conducted for a lane with the required gasoline 
having the middle and last pumps oven. If one is 

found the program control is transferred to line 72 (3 
MmunommlovCchamsts, Monend:x ©). 

ven no lane with the required gasoline has both the 
middle and last pumps open, a check is made to deter- 
mine if the gasoline required is low lead. Since low 
lead is only dispensed from the middle pump of a 3-pump 
lane, it is not necessary to search for a Z-pump lane 
[een Only che Yast pump open. Additionally, since the 
middle pump status of a 2-pvump lane is always idle, 

the last pump of the low lead 2-pump lanes must be busy 
iieomdem Ter tie preceains search (27-30) to fail. 
Thus, when the gasoline needed is low lead, program 
control can be transferred to line 338 in order to find 
the shortest queue for this vehicle. 

At this point it is known that the vehicle being pro- 
cessed needs unleaded gasoline and that no 2-pump 

lanes are available (as explained above, the search in 
lines 27-30 would not have failed if there was a 2=-pump 


lane with the desired gasoline having the last pump 
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37- 53 
38- 40 
bi= by 


open). Thus a search is conducted for a 3-pumd lane 
with the last pump open. If one is found the program 
CcmimolmeEs tranemerred to line 54 (D on the flowcharts, 
Appendix C). 

It is now known that no lane with the required gasoline 
has a pump available to service the venicle being 
vrocessed. Therefore this segment of the vrogran 
determines which queue to put the vehicle in, creates 
eereecerd of this venicle and transfers control back to 
the timing routine to determine the next event to be 
orocessed. This process is exnlained in greater detail 
as follows. 

All lanes with the proper tyne of gasoline are searched 
to find the lane with the smallest queue. However, if 
there is more than 1 lane with the required gasoline 
and tied for the minimum size queue, this procedure 
selects the last lane searched meeting the requirements. 
This may be contrary to the assumption that a 2-pump 
lane will be selected over a 43-pump lane given that all 
Suiilcrecovdmimonsc are equal, This could occur as 5=<pump 
lanes are the last searched. Thus, the following vro- 
gram instructions are utilized to make the proper lane 
selection. 

The minimum queue size found for the lane selected by 


the preceding instructions is made a condition of the 
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lane search. Thus a search is now made to find the 


first lane having the required type gasoline and the 





minimum size queue. 

b5- 47 At this point a vehicle is finally created in order 
that a record of it's time of arrival and gas tyve 
can be maintained for prover vrocessing when this car 
is selected for servicing. 

ue=- 50 A check must be made to determine if this vehicle is 
one requiring low lead gasoline and is being volaced 
first in a queue for a 4-pump lane which has an idle 
Maceo uUnMoe LigsO, whe Stavus Of that last pump must 
be changed to "blocked" to prevent an unleaded vehicle 
from being placed at the last pump ahead of the ve- 
hicles in the queue during a subsequent arrival. 

mie >> The venicle is now placed in the voroper queue so that 
it can vroperly be serviced at the apvropriate time. 
The program control is then transferred back to the 
MinonrouUrine.s (Ove that a yvenicle is not created 
(a record of it made) unless it is necessary to out 
it in a queuvee The attributes of the lanes are 
changed to properly reflect the status of venicles 
being serviced. 

54u- 71 This is the processing required when a 3=pump lane with 


the last pump open is selected (from lines 35-36, above). 
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The vehicle being serviced 1s unleaded and will be 
serviced at the last pump of the lane. Thus it's 
waiting time is 0 (55) and it's service completion 
time must be determined (56). It is a certainty that 
one (and only one) of the forward pumps is busy, or 
the oreceding decision logic would have placed this 
omerwomar ulcmitrsy OUnp, so the following logic 
(57-71) determines which forward pump is busy and when 
the vehicle at that pumv is devarting. ‘nen the service 
of tne vehicle at pump 3 15 to be completed vrior to 
that of the vehicle at the forward pump, the status of 
the last pump becomes blocked (as it will not be able 
to devart after completion of service), the amount of 
time it will be delayed is calculated and program con- 
trol is transferred back to the timing routine (57-61 
iueoomo7 se Otherwisc, the status of the last pump is 
busy, tne devarture of this vehicle is scheduled and 
PaOouommcedore mw transterred to the tiring routine (68=71). 
~(e- 79 This is the processing required when a lane, with the 
required gasoline type, is found that has both the 
middle and last pumps open. It is already knovm that 
there is no lane of this gas type with all pumps open 
(24-26) so the lane selected is knowm to be servicing 


wee ecleoeat Lt’ Ss first pump. 


88 





fo- 74 
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ee 99 


When the lane selected has only 2 pumps, program con- 
trol is transferred to the 2-pump lane logic for 
processing the servicing of the vehicle at the last 
pump (134; H on the flowcharts, Appendix C). 

The remainder of this section is the logic used when 

a 4-pump lane is selected. 

When the vehicle requires low lead gasoline it will be 
serviced at the middle pump. It's waiting time is re- 
corded as O (77) and it's service completion time is 
determined (78). If it's service will be completed 
DRuereteomtne vehicle at the first pump (79-83), the 
amount of time it will be delayed is determined (80) 
and the status of both the middle and last vumnds are 
Peckoqcmjl=ce)s Tae middle pump status is blocked 
because the vehicle there will be delayed from depart- 
ure after service completion and the last pump because 
2 vehicles are alreacy being serviced at this 3-pump 
lane. Otherwise (84-88), the middle pump's status is 
busy (85), the last pump blocked (86) and the departure 
Seviebomyeniclemmist be scheduled (87). In either case 
the program control must be returned to the timing 
soliton t Os Or OO). 

This processing occurs when the vehicle requires un- 


leaded gasoline and both the middle and last pumps of 
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a 3-pump lane are idle. The vehicle will be serviced 
at the last pump. Again, the waiting time is 0 (90) 
and the time of service completion must be determined 
Peet rchesevenecle's service completion is prior 
to that of the vehicle at the first pump, delay time 
must be determined (93), the status of the last pump 
becomes blocked (94) and program control is returned 
to the timing routine (95). Otherwise, the last 
pump's status is busy (97), this vehicle's departure 
is scheduled (98) and program control is then returned 
to the timing routine (99). 

100-115 This vrocessing occurs when a lane with the required 
gasoline type and all pumps idle is selected (24-26, 
BDOVe ie 

101-102 Yhen the lane selected is a 2-pump lane, program con- 
trol is transferred to the 2-pump lane logic (118-148). 

103-115 The logic in this section is for 3=-pump lanes only. 
If the vehicle requires low lead gasoline it will be 
serviced at the middle pump (107). If it requires 
unleaded it will be serviced at the first pump (112). 
In either case the service completion time must be 
determined (106 or 114), the vehicle's departure 
scheduled (108 or 114) and the program control re- 


puted tosthie ciming routine (109 or 115). 
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120-148 


20-121 


122-12h 


125-132 


Bo 145 


This processing occurs whenever it is determined that 
the vehicle is to be serviced at a 2-voump lane. 
searches for the first lane with the required gasoline 
type and both lanes idle. If one exists, program con- 
PEeOmecmeranoterred tO line 144. 

Otherwise, a search is made for the first lane with 

the required gasoline that has the last pump idle. If 
Diemeimtoro.eOreeran coOncrol 1s transferred to line 1335. 
This processing is for vehicles that cannot be immed- 
lately serviced and therefore must enter a queue. The 
lane with the smallest queue and desired gasoline is 
selected (126-127). <A record is then created so that 
the time of arrival and gas type of the vehicle can be 
retained for future processing (128-130) and the vehicle 
vlaced in the proper queue for later servicing (131). 
Program control is then returned to the timing routine 
Clee). 

This processing occurs when a e-pump lane with the 
first oump busy and the last pump idle, and disvensing 
the required type gasoline, is found (122-124, above). 
The vehicle being processed will be immediately serviced 
at the last pump. Thus waiting time is 0 (134). Ser- 
vice completion time must be determined (135). If this 
Piicmrswomtom TO tne completion of service for the 


vehicle at the first pump, the amount of delay must be 
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144-148 
DEPARTURE 
Line 
ze 
Bp 
5- 28 
6- 15 


computed (157) and the last pump becomes blocked (138). 
Otherwise, the last pump's status is busy (141) and 
the vehicle's departure must be scheduled (142). After 
either case, the program control must be returned to 
Enemies TOoutinie (159 Or 13). 

This processing occurs when a e=-pump lane, dispensing 
the required gasoline, has both pumps idle. Waiting 
tame for the vehicle being processed is O (145), the 
vehicle goes to the first pump for servicing (146), 

the service completion time is computed (147) and the 
departure of the vehicle is scheduled (148). Program 


Conenolmmmcetnen returned to the timing routine. 


Description 
A local integer variable is defined which is utilized 
for receiving the lane designation of the lane from 
which the departure is occuring (see line 3 of the 
PREAMBLE). 
When the departure is occuring from a 2-pump lane, 
program control is transferred to line 98. 
Determines which pump of a 3-pump lane the departure 
Pomvcciming rom and cirects appropriate action as 
TOMO S). 
Tite Processing Occurs when the departure is from the 


first pump. This pump is now idle (7). If either the 
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16- 25 


26- 28 


middle or last pump is busy, no vehicles can leave the 
queue for servicing at the idle first pum> so program 
control is returned to the timing routine (8-9). If 
either the middle or last pump was blocked, the blocked 
vehicle will now also depart so that all pumps for 
that lane become available (10-13). The queue there- 
teneemiceean re 06 checicea (51) to determine if there 
are vehicles waiting to be serviced at these idle 
Dumosenedioy). 

This processing occurs when the departure is from the 
middle pump. The first pump is known to be idle and 
the middle pump now also becomes idle (18). If the 
last pump is busy, no vehicles can get to the forward 
DUMNDSMEOr Seevecing SOmprogram control is returned to 
the timing routine (19-20). If the last pump was 
blocked (22), the vehicle that was waiting there will 
also depart (23) thus opening all pumps for servicing 
of new vehicles. Therefore the queue must be checked 
for vehicles and program control is transferred to 
imaicmoletoOuaccomplash this (25). 

This processing occurs when the devarture is from the 
last pump of a 3-pump lane. All pumps are now idle 
(27) and therefore the queue must be checked for ve- 
hicles waiting service. Program control is thus trans- 


momimcemLonlane 51° (26). 
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33 
34- 35 
Be- 10 
bl= 45 


This is the processing that occurs when a 3-pump lane 
becomes available for servicing vehicles waiting in 
it's queue. Note that this occurs only when all 3 
pumps are idle as a new arrival will not enter the 
queue if a pump is available to service it, a vehicle 
at a latter pump will prevent a vehicle in the queue 
from replacing a ceparture at a forward pump and a 
vehicle at a latter pump cannot denvart if a vehicle 

foe ee pelneeseryvicea aL a fOmmard pumd. 

Determines if there are venicles in the queue. If not, 
no further processing of this departure can occur and 
orogram control is returned to the timing routine (94- 
oor 

The first vehicle leaves the queue to be serviced and 
iewcewonlvuLie time 25 calculated. 

If this vehicle needs unleaded gasoline (36) it goes 
mvc uersreoumD Tom servicing (37). The time of 
service completion is determined (38), this vehicle's 
departure is scheduled (39) and the record used to keep 
track of this vehicle is destroyed (40). 

Since the vehicle didn't need unleaded gasoline and 
this 1s a 3=pump lane, the vehicle goes to the middle 
pump to get low lead gasoline (42). It's service com- 


pletion time is computed (45) and it's departure scheduled 


94 


46- 47 


48- 49 


Be> 75 


CUpmeeiiore that, Since a low lead vehicle is first 
SlewoumErhesguenle In this satuation, the first pump 
remains idle but is now unavailable for use. The 
record of this vehicle can now be destroyed (45). 
Determines if there is yet another vehicle in the 
queue. If not, no further processing of this de- 
parture can occur and program control is thus return- 
ed to the timing routine (92-93). 

Get tne next vehicle in the queue and determine it's 
gas type. 

This is the vrocessing that occurs when the next ve- 
hicle in the queue needs unleaded gasoline. It's 
waiting time is determined (50) and it's time of ser- 
vice completion is determined (51). It is knovm that 
Sautcumete wi 'rsy OF Micdle pump is already busy servic- 
ing a vehicle (34-45, above). Therefore a determina- 
tion is made as to which pump is already busy (52) and 
iimence Service completion time of the vehicle currently 
being processed is before that of the vehicle being 
serviced at the forward pump (53 or 64). If so, the 
delay time is calculated (54 or 65), the last pump's 
status becomes blocked (55 or 66), the record of this 
vehicle is destroyed (56 or 67) and program control is 


reuumem@ed FO the timing routine (57 or 68). If not, the 
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last pump's status becomes busy (59 or 70), this ve- 
hicle's departure is scheduled (60 or 71), the record 
of the vehicle is destroyed (61 or 72) and program 
control is returned to the timing routine (62 or 73). 
This is the processing that occurs when the next car 
in the queue for this 4-pump lane needs Low lead 
sasoline. 

If the previous car out of the queue, the middle (and 
only low lead sump at this lane) pump will already be 
busy. Thus the last pump's status becomes blocked 
(F7o)— as the Howead vehicle in the queue blocks an 
unleaded vehicle from getting to the last pumo. The 
low lead vehicle at the head of the queue remains there 
(77) and program control is returned to the timing 
ROUEIne: (7o 

If the previous vehicle out of the queve required un- 
leaded gasoline, it went to the first voump for servic- 
ing. Thus the waiting time and service completion time 
for this low lead vehicle can be determined (80-81). 
If service completion for this vehicle is before that 
of the vehicle at the first vump (82), the delay time 
is calculated (83) and the middle pump status becomes 
blocked (84). Otherwise, the middle pump's status 


becomes busy (86) and this vehicle's devarture is 
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100-136 


100-108 


109-136 


scheduled (87). Regardless, the last vump's status 

is blocked as only 2 vehicles can be serviced in the 
lane at the same time (89). Additionally, the record 
of this vehicle must be destroyed (90) and the program 
control returned to the timing routine (91). 
iijfeeloethe decision Losic Utilized when the devarture 
occurs at a e-pump lane. 

This is the processing for a departure from tne first 
pump of a 2=-pump lane. Since a vehicle at the first 
pump can never be blocked from leaving, the status ofr 
the first vump becomes idle (101). If the last pump 
Pes emee DNS servicing a vehicle, no further process- 
ing of the ceparture can occur and therefore program 
Compre mr curcuumnea tO the timing routine (102=103). 
If there is a vehicle at the last pump which had been 
blocked by the vehicle now leaving from the first 
cump, the last vump is also idled (105-106) and program 
COtmieeleets cCransierred tO line 110 in order to begin 
servicing a vehicle which may be in the queue (107). 
If the last pump is idle (108), no vehicles can be in 
the queue and thus program control is returned to the 
timing routine (108). 

This is the processing that occurs when tne departure 


is from the last pump or when the departure is from 


et 





the first pump with a blocked vehicle also departing 
from the last pump (105-107, above). 

110 fiemesctepumy (alone with the first) is now idle. 

111-117 ‘When there is a vehicle(s) in the queue, the first 
vehicle leaves the queue (112), it's waiting time is 
Galemlaced (1S) and at goes to the first pump for 
servicing (114). It's service completion time is 
fecouminecas li>) end at's Gdenarture scneduled (116). 
iiemGEecorad Of tnis yenicle is then destroyed (117). 
If there are no more cars in the queue, program con- 
trol is returned to the timing routine (132). 

118-132 If there is another vehicle in the queue, it also 
leaves the queue (119), it's waiting time is calculated 
(120) and it's service completion time determined (121). 
hme ssccrr ce COmplotioOn time 1S prior to that of 
the vehicle at the first pump, the amount of delay 
time is determined (123), the status of the last pump 
p-comeamoloccea  I2i5) and the record of this vehicle 
is destroyed (125). Otherwise, the status of the last 
pump is busy (127), the departure of the vehicle is 
scheduled (128) and the record of this vehicle des- 
troyed (129). Regardless, and if there were no 
vehicles in the queue, program control is returned to 


Picmmunie Outre (140 or 131). 





©L0S= PUMPS 
Line 


o=- 


b 


Description 
All arrivals scheduled after the time that the lanes 
are closed are cancelled so that only the vehicles 
already being serviced or in the queues will be vro- 
cessed. Thus, only ceparture events will be on the 
event list for processing. After all denartures are 
processed, the event list will be empty and thus the 
Mins TOuLIne vwallerecurn program control back to the 
Meeieproosam (see dine 53, MAIN). Note that, with the 
current model, there can only be one arrival on the 
event list at a time, Since the next arrival is schedcd- 
uled only when the current arrival is being processed. 
Cancelling the arrival in the manner specified allows 
He@nmeccter Mocttfication of the model should it be altered 
in the future to schedule some of the arrivals sepa- 
rately (for example, scheduling the arrivals by type 


of gasoline reauired). 
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Mees Ds 
eeriOonN | 
GASOLINE PUMPING OPERATIONS (WITH 


NUMBER OF LANZAS 


Uhr > Or af 


SAVE Re eOUne UT 


4.0 HOURS 


UNLEADED 3 RATIO OF PURCHASES BY TYP= 
LOW LEAD e UNLEADED 45.0 PERCENT 
PREMIUM 2 LOW LEAD 35.0 PERCINT 
UNLEADED AND LOW LEAD 1 PREMIUM 20.0 PERCENT 
AVERAGE INTRRARRIVAL TIME OF A VEHICLE = 28.51 SECONDS 
AVERAGE SERVICE TIME OF A VEHICLE = 4.18 MINUTES 
LANE 1 NUMBER OF PUMPS 2 LANE 5 NUMBER OF PUMPS 2 
LANE 2 NUMBER OF PUMPS 2 LANE 6 NUMBER OF PUMPS 2 
LANE 3 NUMBER OF PUMPS 2 LANS 2? NUMBER OF PUMPS 2 
LANE h NUMBER OF PUMPS 2 LANZ 8 NUMBER OF PUMPS 3 
RESULTS OF SIMULATION 
NUMBER IM QUEUR MAXIMUM QU=US 
STANDARD STANDARD 
LATE GAS TYPE AVERAGE DEVIATION AVERAGE DEVIATION 
1 1 0 0 2 
2 1 0 0 2 
3 1 0 0 0 
Ly 2 0 0 2 1 
5 Z 0 0 2 1 
6 3 0 0 1 1 
7 3 0 0 2 1 
8 by O O 2 1 
LANE GAS TYPES 
1 = UNLEADED, 2s LOY LEAD, 3 = PREMIUM, 4 = UNLD AND LL 
AVERAGE WAITING TIME TO GET TO A PUMP = .70 MINUTES 
WITH A STANDATD DEVIATION = .20 


AVSRAG# NUMBER OF VaHICLES BLOCKED FROM 
in A SEAMDARD DEVIATION OF 
AMOUNT OF TOTAL TIME BLOCKED Vz 


AVERAGE 
WITH A STANDARD DEVIATION OF 


tv 


AVERAGS AMOUNT OF TIME A VEHICLE WAS BL 
Wit A STANDARD DEVIATION OF 
O 


VEEereo otRViCeD WITH LANES 
AVERAGE O2 
STANDARD DEVIATION 19 
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PEPARLING Avtar ocky Cw =) 50 
8 

MEGA S WERE BLOCKED ="5 9-72 Vi. 
10.86 

Coe 


1.10 MINUTES 


PEN 4.0 HOURS 





CEPTION 2 
oobi Ss PUMPING OPERATIONS WITH PUMPS OPEN 4&.0 HOOURS 


NUMBER OF LANZSS 
UNLEADED 2 PaOOk PURCHASES BY. 7YP 
LOW LEAD 2 UNLEADED 45.0 PaRCONT 
PREMIUM 2 LOW LeAD $5.0 PiRCENT 
UNLEADED AND LOW LEAD O PREMIUM 20.0 PERCENT 


PeeeGe INTERARRIVAL TIME OF A VEHICLE = 28.51 SECONDS 
PeemenGs sSRVICS TIMMS OF A VSHICLs ea o NU ies 


LAYS 1 Usa Of PUMES 2 
ies Cl NUMB2R OF PUMPS e 
Eee 3 NUE BER OF PUMPS 2 
ies eee OF PUMPS 2 
els 5 NUMBER OF PUMPS 2 
LANE 6 NUMBER OF PUMPS 2 


RESULTS Of SIMULATION 


NUMBER IN QUSUE MAXIMUM SUEUR 

STANDARD STANDARD 

LANS GAS TYPE AVERAGE D=SVIATION AVERAGE D=VIATION 
1 1 8 bb 7 6 
2 1 8 h 18 6 
3 2 1 1 5 2 
le 2 1 1 6 2 
5 3 0 0 2 1 
6 % 0 O 2 1 


feiss GAS TYP=s 
i= UNLGADED, 20> Oia) =e ee UM 5 i= UD Ae EL 


Peete VAL TING TIME TO GET TO A PUMP = 10.73 MINUTES 
WITH A STANDARD DEVIATION SESS, 


BVGRAGE NUMBER OF VSHICL™S BLOCKED FROM DEPARTING AFTER SarVICze = 97 
WITH A STANDARD DEVIATION OF 11 

AVERAGE AMOUNT OF TOTAL TIME BLOCKED VEHICLES WERE BLOCKED = eit Min. 
WITH A STANDARD DEVIATION OF Galt 

Py eRAGE AMOUNT OF TIME A VEHICLE A/AS BLOCKED = 1.24 HINUTES 
VITH A STANDARD DEVIATION OF 210 


VEHICLES SERVICED WITH LANES OPEN 4.0 HOURS 
AVERAGE 502 
STANDARD DEVIATION ~19 


fae 


eeTION 3 
SO erUte eG OPERATIONS WITH PUMPS OPH 4.0 HOURS 


NUMBER OF LANus 
UNLEADED c Rosson PURCHASES BY TY Pr 
LOW LEAD 2 UNLEADED 45.0 PERCENT 
PREMIUM ] LOW LZAD 55.0 PERCENT 
UNLEADED AND LOW LEAD O PRAMIUM 20.05 PERC ank 


AVERAGE INTERARRIVAL TIME OF A VEHICLE = ee SECONDS 
AVERAGS SERVICE TIME OF A VEHICLE = 4.18 MINUTES 
LANE 1 NUMBER OF PUMPS 2 
LANE 2 NUMBER OF PUMPS 2 
LANE 3 NUMBER OF PUMPS 2 
fe hk NUMBER OF PUMPS 2 
LANE 5 NUMBER OF PUMPS 2 
LANE 6 NUMBER OF PUMPS 2 
RESULTS OF SIMULATION 
NUMBER IN QUEUE MAXIMUM GUEUE 
STANDARD STANDARD 
LANES GAS TYPE AVERAGE DEVIATION AVERAGE DEVIATION 
1 1 0 0 2 1 
2 1 0 0 3 1 
3 1 1 0 3 1 
Ly 2 1 5 2 
5 2 1 5 2 
6 5 4 5 Ve 5 


fee GAS TYPS 
fe UNLEADED, 2 = LOW Lead, = eee f= UP Di 


AVERAGS WAITING TIME TO GeT TO A PUMP 4ece MINUTES 
Ps 


Would 


wlTH A STANDARD DEVIATION 62 
AVERAGE NUMBER OF VEHICLES BLOCKED FROM DEPARTING AFTER SERVICE = 87 
WITH A STANDARD DEVIATION OF Th 
AVERAGE AMOUNT OF TOTAL TIME BLOCKED VEHICLES WERE BLOCKED = 106.67 MIN 
WITH A STANDARD DEVIATION OF 20.12 
AVERAGE AMOUNT OF TIME A VEHICLE WAS BLOCKED = eee Tees 
WITH A STANDARD DEVIATION OF 10 
eee oe avICED WiTH LANES OPEN 4.0 HOURS 
AVZRAGS poe 
STANDARD DEVIATION 19 
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